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\*Method details {#se0155}
================

Background {#sec0005}
----------

Land surface water process refers to those processes including transport, exchange and phase transformation of water vapor occurring between the atmosphere and land surface. Non-rainfall water (NRW) refers to land surface liquid water, excluding natural precipitation and artificial irrigation \[[@bib0005],[@bib0010]\]. NRW is an important component of the Land surface water balance; It includes of three soil components: soil distilled water,vascular water (or capillary water) and guttation. The liquid soil water in deeper layer rises to the surface due evaporates, and then condenses. This part of soil water is called the soil distilled water. The water in the soil pores has obvious surface tension due to the molecular gravity. The liquid water in the soil tends to migrate from the deeper to the surface by its own tension (potential) in the soil pores, forming the capillary suction phenomenon. It is called vascular water or capillary water.Guttation is the water-drop overflowing phenomenon through hydathodes of plant. It\'s caused by root pressure. It\'s classified as soil water because its origin water comes from the soil. Additionally, there are three atmospheric constituents: fog, dew and water-vapor adsorption (WVA) ([Fig. 1](#fig0005){ref-type="fig"}). NRW has indeed been recognized as an important water source in arid and semi-arid environments \[[@bib0005],[@bib0015]\]; additionally, it can greatly influence the ecological processes in arid and semi-arid areas \[[@bib0020], [@bib0025], [@bib0030], [@bib0035], [@bib0040]\]. However, at present, the soil components of NRW are almost unobserved, as the technology for observing them is not yet fully developed. At the current time, there is no direct observation instrument available to measure the atmosphere components of NRW, which can only be estimated indirectly from observation data; therefore, in the current study, NRW only refers to fog, dew and WVA \[[@bib0015],[@bib0045]\].Fig. 1Diagrammatic sketch of the water cycle on the land surface.Fig. 1

The predominant instruments employed for observing NRW include a Hiltner Dew Balance \[[@bib0050],[@bib0055]\], a leaf wetness sensor \[[@bib0060]\] and a microlysimeter or lysimeter \[[@bib0015],[@bib0045]\]. The most reliable way to observe and measure NRW is by means of a lysimeter at present \[[@bib0065]\]; However, the accuracy of this data still needs to be improved.

A method in this paper will be established for identifying components of NRW, which is based on a scheme for identifying the components of NRW proposed by Zhang in 2011 and 2012 \[[@bib0070],[@bib0075]\]. Clearly the identification process of NRW was given and the accuracy of the components of NRW was improved. The method is called A Quantitative Identification method for NRW(QINRW).The specific method is as follows:

Observation of NRW {#sec0010}
==================

Observation instruments {#sec0015}
-----------------------

The primary meteorological elements observed at Dingxi ([Fig. 2](#fig0010){ref-type="fig"}) are wind, temperature and humidity gradients (1/2/4/10/16 m) with a sampling rate of every 10 min in the surface layer. We used HMP45D sensors to measure the air temperature and humidity ([Fig. 2](#fig0010){ref-type="fig"}). The surface temperature (0 cm, model 109; Campbell Scientific, USA) with a sampling rate of every 10 min was also measured. Dust collectors are placed on the surface to collect dust on rainless days; the weight is then measured by an electronic balance. Land-surface actual evapotranspiration (ET) and NRW were measured with a large lysimeter ([Fig. 3](#fig0015){ref-type="fig"}a) to an accuracy of 0.03 mm and a sensitivity of 0.01 mm. The High resolution sensors were used in the weighing system of the lysimeter, equipped with data collector and signal sensors; Its working principle is illustrated in [Fig. 3](#fig0015){ref-type="fig"}b. When hourly changes in weight of the lysimeter data are below the accuracy, the data is considered low quality data. The diameter of the lysimer was 2.25 m and the effective evapotranspiration area was 4.0 m^2^ at a depth of 2.65 m; data was recorded every hour. Evapotranspiration during twilight and night \[[@bib0080],[@bib0085]\], which can be considered to be an opposite water flux to NRW´s at night, naturally limit the occurrence of NRW. Using hourly values in our analyses, to a certain extent, might lead to an underestimation of NRW. The performance and accuracy parameters of the observational instruments are presented in [Table 1](#tbl0005){ref-type="table"}.Fig. 2Environment of Dingxi station and gradient observation tower.Fig. 2Fig. 3(a) Lysimeter in the field (b) Schematic of a weighing lysimeter.Fig. 3Table 1The experimental instruments and main technical parameters.Table 1InstrumentPerformanceManufacturerHeight (m)LG-I lysimeterAccuracy: 0.03 mm; sensitivity: 0.01 mmInstitute of Arid Meteorology, ChinaSurfaceHMP45D Humidity & Temperature probeTemperature measurement range, −39.2-- +60 °C with accuracy, ±0.2 °C; Relative humidity measuring range, 0.8--100 % with accuracy, ±1 %Vaisala, Helsinki, Finland1, 2, 4, 10 and 16109 Temperature probeTemperature Measuring range :-50--70 °C; accuracy:\< ±0.2 °CCampbell Scientific Inc., USA0 cm on the soilRain gaugeAccuracy: ±2.5 %Volumetric Water Content(VWC) using standard calibrationCampbell Scientific Inc., USA0.8 m above the soilDust collector (JJ1000 Electronic balance + Dust-full jar)Accuracy: 0.01 g; Measuring range:0-1000gShuangjie Electronics Co., Ltd., China,Surface and lab in Dingxi Station

Lysimeter data pre-processed {#sec0020}
----------------------------

Lysimeter data pre- and post-processing was needed to reduce the impact of noise on the determination of water balance components from lysimeter observations \[[@bib0090], [@bib0095], [@bib0100], [@bib0105], [@bib0110], [@bib0115]\]. The data filtered \[[@bib0090]\] was adopted in this paper. Firstly, the data during rainfall, snowfall and sandstorm periods were removed. Secondly, outliers during unreliable periods were eliminated by visual detection. Then, a threshold filter was implemented to remove the unrealistic data. The threshold value in this paper was set to 0.08 mm/h which was based on the literature results \[[@bib0120]\]. The data greater than 0.08 mm/h was eliminated. Finally, we extrapolated short-term missing data by the linear trend interpolation method: namely, when a quantity was once an hour or twice in two hours, the linear interpolation was adapted by using 2 adjacent points, on average, according to the linear changing trend of quantity. There is no imputation for long-term missing data. Others,evapotranspiration at night and early morning was underestimated was from the robust time scale. Hourly data might lead to an underestimated evapotranspiration and then lead to a certain extent to an underestimation of NRW.

Quantitative identification system of NRW component {#sec0025}
===================================================

The NRW component identification system in this paper is shown as [Fig. 4](#fig0020){ref-type="fig"}. The system includes a data identification system and necessary observation instruments, including: lysimeter, rain gauge, dust deposition collector, air temperature and humidity sensor and surface temperature sensor. The above data were put into the data separation system; the output then derived from this system was the NRW component.Fig. 4Quantitative identification system of NRW component.Fig. 4

Determination of NRW component of land surface water {#sec0030}
====================================================

Previous studies only considered the effect of precipitation on the lysimeter data, but neglected the effect of dry deposition (dust). Due to the order of magnitude of NRW being very small, it will bring great error. Therefore, this needs to be combined with micro-meteorological and conventional meteorological observation data, in order to distinguish between different types of NRW observed with lysimeter weight changes. Herein, we use the method described in [Fig. 5](#fig0025){ref-type="fig"} to calculate the NRW.Fig. 5Data identification system to calculate NRW component (*ET* is evapotranspiration, *RH* is air relative humidity, *T*s is surface temperature, *T*~dew~ is dew-point temperature).Fig. 5

To illustrate this more clearly, the variation of lysimeter data can be expressed as$$\Delta w = w_{i} - w_{i - 1},$$Where $\Delta w$ is the variation value of the lysimeter \[kg\] (when there is no NRW, we have $\Delta w$ = 0 or \<0), *i* is the series number of the instantaneous value at each 60-min interval. *w~i~* and *w~i-1~* is weight value of number i and i-1by lysimeter \[kg\].

The dew-point temperature in this paper was calculated by a formula given by Michell Instruments Company. The formula is as follows:

On the water surface：$$T_{d} = \frac{243.12 \times \ln(e_{w}/611.12)}{17.62 - \ln(e_{w}/611.12)}$$Where *T~d~* is dew-point temperature, e~w~ is saturated vapor pressure. The application scope of the formula is: −45 °C～+60 °C, the uncertainty of T~d~ in formula (2) is ±0.04 °C.

NRW components are obtained in five steps ([Fig. 5](#fig0025){ref-type="fig"}) as follows :aFirstly, the current data from the lysimeter is compared with the previous one. If $\Delta w$ \<0, it can be inferred that evapotranspiration happens in this time period, and no NRW is produced. On the contrary, if $\Delta w$ \>0, the value may be NRW.bSecondly, it needs to be judged whether NRW occurs according to the precipitation data. On the basis of the first step, precipitation data are introduced. If precipitation occurs during the above observation period, it is assumed that the added value of lysimeter data is precipitation, not NRW; if no precipitation occurs, it is assumed that the added value may be NRW.cThirdly, NRW and dry deposition will be distinguished according to the dust data. Based on the second step, the dust data observed in the same period are imported. If there is a dust in the above observation period, it is considered that the reason for the increase of lysimeter data is sand dust; if no dust occurs, the increment value of lysimeter is determined as NRW.dNext, in order to further determine the components of NRW, the air relative humidity data are introduced based on the last step. If the relative humidity of air is equal to 100 %, it is regarded as fog; otherwise it is considered as Dew or WVA.eFinally, the surface temperature is used to distinguish dew and WVA. Comparing the surface temperature with the dew point temperature, if the surface temperature is lower than the dew point temperature, it is dew; otherwise, it is WVA.

Thus far, each component of NRW is determined.

QINRW validation {#sec0035}
================

Data in Dingxi station of China is used to test our method ([Fig.6](#fig0030){ref-type="fig"}). At present, there are almost no research results to show the variation characteristics of NRW throughout a whole year. Our findings show that the NRW in autumn is the most whereas in summer it is the least: this can be attributed to the summer temperature being high, which is more conducive to evapotranspiration, thus reducing the formation of NRW. With the arrival of autumn and the decreasing temperature, the increasing NRW amount is a reasonable result, a finding consistent with the literature \[[@bib0025]\]. Employed according to our method, [Table 2](#tbl0010){ref-type="table"} shows the sum of NRW components, represented as ten day periods, throughout a whole year.Fig. 6Distribution of NRW components in Dingxi station.Fig. 6Table 2Amount of NRW component in each 10-day period in a whole year.Table 2YearMonth10-day periodDew(mm)WVA(mm)Fog(mm)20046Early00.010Mid-term00.030Late00.000.0320047Early0.050.090.08Mid-term0.110.470Late0.160.070.0120048Early0.460.110.04Mid-term0.300.130Late1.130.240.1120049Early0.991.00.08Mid-term1.670.380.09Late0.5100200410Early1.690.620.07Mid-term1.580.610.09Late2.710.700.11200411Early1.651.010.07Mid-term0.332.240.01Late0.951.310.20200412Early2.182.420Mid-term1.031.220.05Late00.56020051Early0.031.580.02Mid-term0.650.960Late0.362.020.1720052Early0.030.980Mid-term00.830Late0.251.09020053Early0.221.830Mid-term0.441.140Late1.231.22020054Early2.740.820Mid-term0.070.120Late0.310.06020055Early0.5100Mid-term0.240.070.04Late1.380.040.06

Undoubtedly, the measurement of NRW is a challenging task as its order of magnitude is very small \[[@bib0060]\]. Therefore, in the process of quantitative identification of NRW, the influence of dust should be considered, especially in arid and semi-arid regions. In theory, so far QINRW is the most rigorous way to estimate NRW by using lysimeter data, although it requires more validation. Lastly, this method can be also applicable to the data from the microlysimeter.
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